Background--Lifestyle modifications are first-line measures for cardiovascular disease prevention. Whether lifestyle intervention also preserves cardiovascular health is less clear. Our study examined the role of a Health Partner-administered lifestyle intervention on metrics of ideal cardiovascular health.
C ardiovascular disease (CVD) afflicts nearly two thirds of US adults, and much of its premature morbidity and mortality is related to modifiable risk factors. Lifestyle modifications of dietary and exercise habits, weight management, and smoking cessation are primary goals for prevention of CVD, and even modest behavioral changes may significantly improve outcomes of established disease. 1 However, because the effects of lifestyle changes accumulate over time, sustained adherence is key in accrual of CVD-related benefits. Nevertheless, few subjects are able to achieve these goals. To this effect, various lifestyle and nonpharmacological interventions have been examined in cardiac and noncardiac patient populations and have used cognitive-behavioral strategies, including motivational interviewing, goal setting, continued support, promotion of clinical self-knowledge and efficacy, as well as self-monitoring and management. [2] [3] [4] These measures have been delivered by health care providers, computer programs, or online interfaces, predominantly in patients with established CVD or its risk factors. [5] [6] [7] [8] [9] [10] [11] Effectiveness of these approaches with significant reductions in weight, blood pressure, and blood lipid concentrations, as well as improvements in physical activity and medication compliance have been reported. 2 However, the relatively short duration of these studies precludes assessment of long-term adherence to lifestyle changes, or whether these translate into gains in morbidity or mortality. Indeed, a study of over 5000 diabetics reported no benefits in CVD mortality with an intensive lifestyle intervention after a median follow-up of nearly 10 years. 12 In addition, the role of primordial and preventative lifestyle interventions aimed at preserving cardiovascular health are also understudied. For example, studies examining the effectiveness of lifestyle interventions directed at meeting the metrics of "ideal cardiovascular health" related to physical activity, body mass index (BMI), total cholesterol, fasting glucose, and smoking habits are lacking. 2 To address these questions, the Emory University/Georgia Tech Predictive Health Institute (Atlanta, CA) established a novel program utilizing counseling delivered by a trained Health Partner (HP) as part of the Center for Health Discovery and Well Being (CHDWB). Here, we report on the effects of the HP-administered lifestyle intervention on cardiovascular risk profile and metrics of ideal cardiovascular health in CHDWB participants over a 2-year period. We hypothesized that the HP intervention will favorably affect the subjects' risk profile and subclinical markers of CVD.
Methods Subjects
Subjects were recruited into the CHDWB program in Atlanta, Georgia. Recruited subjects were selected from a random sample of employees of Emory University and Georgia Institute of Technology. 13 The CHDWB utilized the human resources department to identify university employees who were employed for at least 2 years and covered by the university sponsored health insurance plans. A list of %10 000 employees was generated, and every 10th employee was sent an invitation e-mail to participate. Around 30% of solicited employees agreed to be contacted for screening, and %10% were ultimately enrolled in the cohort.
14 Subjects with an acute illness, recent hospitalization within the past year, pregnant women, and individuals with poorly controlled medical conditions were excluded, and subjects signed an informed consent that was approved by the Emory and Georgia Tech institutional review boards. 15, 16 Subjects were followed with comprehensive evaluations at baseline, 6-month, 1-year, and 2-year visits. Physical measurements included vital signs, height, weight, and waist-hip ratio (WHR). Blood samples were collected for a complete serum metabolic panel and lipid profile. Participants completed questionnaires to obtain detailed information about dietary intake and physical activity.
Cardiovascular Risk Factors
Hypertension, hypercholesterolemia, and diabetes mellitus were defined according to the Joint National Committee, Adult Treatment Panel III, and American Diabetes Association criteria, respectively, and smoking habits were recorded. [17] [18] [19] Ten-year risks for coronary death or nonfatal myocardial infarction were estimated by the Framingham risk score (FRS), atherosclerotic cardiovascular disease (ASCVD) in adults. 20, 21 Ideal Cardiovascular Health
The American Heart Association (AHA) "Life's Simple 7" (LS7) includes 7 modifiable behaviors and biological factors that represent the degree to which an individual's health behavior is in accord with ideal cardiovascular health. 22 Specifically, an ideal cardiovascular health profile by AHA LS7 involves ideal physical activity (≥150 or 75 minutes/week of moderate-or vigorous-intensity exercise, respectively), total cholesterol (<200 mg/dL), blood pressure (<120/80 mm Hg), fasting glucose (<100 mg/dL), BMI (<25 kg/m 2 ), smoking (never smoker or quit >1 year ago), as well as diet score of 4 to 5.
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Each LS7 component was categorized as being poor, intermediate, or ideal by assigning 2, 1, and 0 points, respectively, and a composite LS7 score ranging between 0 and 14 was summed (Table 1) . 
Insulin Sensitivity
Fasting insulin and glucose levels were used to calculate the quantitative insulin sensitivity check index (QUICKI). We assessed the predictive accuracy of QUICKI as a surrogate index for insulin sensitivity using a calibration model. 23 
Physical Activity
Selected items from the Cross-Cultural Activity Participation typical week physical activity survey were used to determine whether subjects met the 2008 Physical Activity Guideline for Americans, which is similar to AHA LS7 ideal level of physical exertion for achieving ideal cardiovascular health.
22,24
Dietary Intake
The 2005 Block Food Frequency Questionnaire (FFQ) was used to assess dietary intake during the past year. 25 Using the FFQ summary data, we created a healthy diet score (HDS) for each participant. The HDS is the sum of 5 nutritional components according to AHA's diet recommendations. 26 The HDS ranges from 0 to 5, with higher scores being healthier diet.
The HP Intervention
The HPs were required to have a minimum of a bachelor's degree in a health science or related field. A broad range of backgrounds and skills were also required to address the integrated complex issues of health definition and maintenance including a basic understanding of human biology. Each individual HP was trained by CHDWB to be the primary consultative and interpretive contact for each participant. Specifically, the HP was the primary contact for long-term identification and maintenance of health issues. The comprehensive training of HP was performed at the CHDWB, which included several areas in predictive health history, goals, customer relations, basic physiology, test/survey results, lab safety, and institutional review board consent process. Involvement of the HP with the subjects in chronic disease management were driven by the constraints of medical care to educate, engage, or motivate the patients for optimal outcomes. The HP did not provide medical care, and participants needing medical care were referred to their primary physicians for further interventions. Further training on behavioral therapies were provided, including empathetic and active listening, motivational interviewing, collaborative goal setting, goaldirected problem solving, and elements of coaching, mentoring, and supportive engagement. Further details on the role of the HP have been previously described. 14 At the baseline visit, each subject was assigned 1 of 6 HPs, individuals who were specifically trained to utilize subjects' data profiles and collaboratively generate a health goal and personalized action plan at each visit. The health action plans were self-generated by subjects and included strategies aimed at improving metrics related to physical activity, body weight, cholesterol, fasting glucose, stress reduction, dietary patterns, and smoking habits. The HP advised subjects on specific tactical approaches for reaching their goals, and subjects were offered HP interim support in the form of weekly to monthly e-mail or phone contact. Subjects met with their HP after each visit, and the action plan was recalibrated based on review of data and overall progress. The HP remained in contact with the participant by e-mail or telephone at intervals according to the formulated action plan on the initial visit.
Clinical, psychological, anthropometric, dietary, laboratory, and vascular function profiles were generated for each participant at every visit and compared to those derived from a previously described "super healthy" cohort, selected for the absence of cardiovascular risk factors, diagnosed CVD, and absence of medications or supplements. 27 Whenever a study measurement revealed an abnormality of clinical relevance (eg, elevated blood pressure, lipids, body weight, or BMI), the HP encouraged subjects to take appropriate action, including seeking medical attention. Subjects were followed with comprehensive evaluations at baseline, 6-month, 1-year, and 2-year visits. Physical measurements included vital signs, height, weight, and WHR. Blood samples were collected for a complete serum metabolic panel and lipid profile. Participants completed questionnaires to obtain detailed information about dietary intake and physical activity.
Statistical Analysis
Baseline characteristics for 711 participants were summarized as meansAESD for continuous variables or as counts and proportions for categorical variables. Of 711 participants, 609 (86%) had at least 1 follow-up visit. We compared characteristics (sex, race, hypertension, diabetes mellitus, and AHA LS7 measures) of participants with follow-up data with those without using t tests for continuous variables and chi-square tests for categorical variables. No significant differences were found. We assumed missing data were "missing at random."
To investigate the effect of the HP intervention on LS7 measures, a linear mixed model was utilized for continuous variables, including systolic blood pressure (SBP), diastolic blood pressure (DBP), QUICKI, BMI, WHR, physical activity level (log transformed), HDS, fasting blood glucose concentration (log transformed), and total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), and triglycerides. A generalized linear mixed model was used to analyze binary data, including smoking (yes/no), and the improvement in HDS (yes/no). In all models, visit (baseline, 6 months, 1 year, and 2 years) was included as the independent variable. Subject-specific random intercept was incorporated in the model to account for within-subject correlation.
Given that the FRS and ASCVD risk scores increase with age, we compared the observed trajectory of the scores (intervention group) with a "theoretical" trajectory (control group) within subjects. The subject-specific "theoretical" FRS/ASCVD at each follow-up visit was computed by baseline risk factors and age at the particular time point. FRS/ASCVD was regressed on visit and visit-by-group interaction using linear mixed models with random intercepts.
To further examine whether changes depend on participants' LS7 measures at baseline, participants were categorized into 2 to 3 groups based on clinical cutoffs or medians (for FRS, ASCVD, and HDS) at baseline. Group-by-visit interactions were considered. All analyses were performed using SAS software (version 9.3; SAS Institute Inc., Cary, NC). P≤0.05 was deemed statistical significance.
Results

Baseline Characteristics
A total of 711 employees were enrolled into the CHDWB with a mean age of 48AE11 years, of which 66% were female, 72% were Caucasian, and 23% were African American. Prevalence of diabetes mellitus, hypertension, and smoking were 11%, 34%, and 5%, respectively. Median FRS and ASCVD risk scores were 5.5% and 2.6%, respectively ( Table 2) .
Changes in Cardiovascular Risk Factors
A total of 521, 498, and 426 participants returned for followup visit at 6 months, 1 year, and 2 years. Table 3 shows the estimated mean changes in LS7 measures comparing each follow-up visit to the baseline visit for each subgroup according to their baseline status (Tables 3 and 4) .
Effects on systemic arterial pressure
Compared to baseline, mean systolic BP decreased by 3.6, 4.6, and 3.3 mm Hg at the 6-month, 1-year, and 2-year visits, respectively (all P<0.001). Similarly, DBP decreased by 2.2, 2.2, and 0.8 mm Hg at 6 months (P<0.0001), 1 year (P<0.0001), and 2 years (P=0.04), respectively, compared to baseline measurements. Changes in BP were significantly different among the 3 subgroups (P<0.0001). Specifically, participants with abnormal SBP and/or DBP at baseline exhibited the greatest improvement at follow-up visits (17.3 and 9.0 mm Hg reduction in mean systolic and diastolic BP by 2 years, respectively), participants with borderline BP demonstrated moderate improvement, whereas those with normal BP remained normal at follow-up visits ( Figure 1A and 1B). Even though DBP increased marginally in those with normal values at baseline, the level remained normal (mean=72.4 mm Hg) in this group (Table 4) .
Effects on glucose and insulin sensitivity
Although the overall fasting blood glucose level did not change significantly during follow-up, participants with borderline and Continued abnormal fasting glucose levels showed significant reductions at all follow-up visits (all P≤0.01; Figure 1C ). Overall level of QUICKI improved at 2 years (P=0.003) compared to baseline values ( Figure 1D ). Importantly, fasting glucose level improved in those with both borderline and high levels. There was a small, but statistically significant, increase in those with normal fasting glucose levels (Table 3) .
Effects on blood lipids
The average total cholesterol level decreased by 5.3, 6.5, and 6.4 mg/dL from baseline at the 6-month, 1-year, and 2-year of follow-up, respectively (all P<0.001). Similar reductions were observed in the entire cohort for LDL and HDL levels (all P<0.001), but no significant changes in triglyceride levels were observed (Table 3) . However, in subgroup analyses, participants with abnormal lipid levels at baseline exhibited substantial improvement at follow-up visits (23-, 16-, and 85-mg/dL reductions in mean total cholesterol, LDL, and triglyceride levels, respectively, after 2 years (Table 3 ; Figure 2) . Interestingly, in the normal/ideal group, plasma LDL cholesterol levels increased and HDL concentrations decreased after 2 years. However, both LDL and HDL levels remained well within the normal range (Table 4) .
Anthropometric changes
An average and sustained BMI reduction of 0.33, 0.45, and 0.38 kg/m 2 (all P<0.001) was achieved at the 6-months, 1-year and 2-year visits, respectively. WHR similarly improved modestly, reaching a reduction of 0.006 (P=0.004) at 2-year follow-up. Importantly, significant improvements were found only in the subgroups with baseline abnormal or borderline BMI and WHRs ( Figure 3A and 3B).
Smoking cessation
Of the 39 participants who reported active smoking at baseline, 9 subjects (23%) quit smoking by the 2-year followup visit, whereas 3 nonsmoking (at baseline) participants reported smoking at the follow-up visits (P=0.15).
Physical activity
A total of 536 (75%) participants did not meet the suggested 150 minutes a week of moderate-intensity or 75 minutes a week of vigorous-intensity aerobic physical activity at the baseline visit. 28, 29 Moderate and vigorous exercise increased by 6% at the 6-month visit (P=0.04), but was not sustained during future follow-up. In subgroup analyses, sedentary individuals increased time spent undertaking moderate/vigorous exercise by 59%, 57%, and 64% at the 6-month, 1-year, and 2-year visits, respectively (all P<0.001; Table 3 ; Figure 3C . In contrast, the most physically active individuals exhibited a 20% to 30% decrease in moderate/vigorous physical activity at follow-up visits (all P<0.001), but remained above the 2008 Physical Activity Guideline for Americans (Tables 3 and 4) .
Dietary changes
None of the participants met all the AHA-recommended requirements for a healthy diet (HDS of 4-5). Nonetheless, the average HDS increased by 0.46, 0.44, and 0.48 for the subgroup with baseline poor diet score (0-1) at the 6-month, 1-year, and 2-year visits, respectively (all P<0.001). In contrast, the group with borderline HDS (2-3) showed a significant decrease in the HDS by 0.87, 0.85, and 0.83 at the 6-month, 1-year and 2-year visits, respectively (all P<0.001; Table 3 ; Figure 3D ).
Ten-year CVD risk scores
In the entire cohort, there was a 12% reduction in FRS and ACVD risk score over 2 years (P<0.0001), after accounting for aging effect on risk scores. The cohort was divided into those with low (<median) and high risk scores (≥median; Figure 4 ). Both risk scores improved significantly in those with high, but not in those with low, risk scores at baseline (P<0.0001 between groups). MeanAESD or median (first quartile, third quartile) are reported. Note that none of the participants scored more than 3 in the healthy diet score at baseline.
AHA LS7 score
The mean LS7 score was 7.93 (SD=1.98), with 70% of the participants having a LS7 score between 7 and 10 at baseline. Overall, the mean AHA LS7 score increased by 0.28, 0.40, and 0.33 at 6 months, 1 year, and 2 years, compared to baseline. The change in LS7 score in those with baseline LS7 <7 (N=156) at baseline was greater than in those with baseline LS7 ≥7 (N=555; P<0.0001). Although the LS7 score increased by 0.83, 1.04, and 0.99 at 6 months, 1 year, and 2 years, respectively, compared to baseline in those with lower scores, there was no consistent change in LS7 scores among those with higher scores at baseline.
Effect of Therapy
Eighteen subjects started antihypertensive and/or lipidlowering therapy, and 4 subjects started on diabetes mellitus treatment during the observation period. When these subjects were removed from the analysis, there were slight (<10%) decreases in the estimated changes in blood pressure and cholesterol levels in the group with abnormal values at baseline, and the significant findings remained unchanged.
Discussion
The Emory-Georgia Tech CHDWB implemented an intervention with the goal of engaging participants in a process of personal health discovery with a larger goal of understanding and better defining human health. Herein, we demonstrate that individuals' awareness of their biological health profile, together with a goal-oriented HP intervention, is associated with improved cardiovascular risk factors and cardiovascular risk profile in otherwise healthy employed subjects without known CVD. The data-driven HP intervention was effective in improving the majority of cardiovascular risk factors and cardiovascular risk in those with abnormal values at baseline and in achieving the AHA LS7 goals for ideal cardiovascular health. These beneficial effects were observed within 6 months of initiation and were sustained during the 2-year follow-up period and included broad improvements in blood pressure, lipid profile, insulin resistance, weight, dietary habits, and physical activity. Among subjects with ideal health characteristics at baseline, there was continued maintenance of health. Our findings are consistent with previous trials utilizing lifestyle interventions in subjects with specific risk factors or with known CVD. [30] [31] [32] [33] [34] [35] However, these studies have not been performed in an otherwise relatively healthy population where the goal was not prevention of disease, but to maintain ideal health. The extent to which the risk factors, when present, were modified in our cohort was comparable to the intervention groups in previously published studies. Thus, there was sustainable weight loss in those who were overweight, 36, 37 lowering of blood pressure in those with high levels, 38 improvement of the lipid profile and insulin resistance in those with baseline abnormalities, 33, 39 and promotion of a healthy diet and exercise habits, 33, 40, 41 findings similar to observations in high-risk populations. 42, 43 Importantly, no perceptible decline among those with relatively normal values was observed, indicating that health was maintained in this cohort. It is known that aggressive and focused intervention on diet and exercise can reduce risk of diabetes mellitus. 30, 32, 44 Often, these interventions require intense dietary and lifestyle modifications that are time-consuming and expensive to implement because they require trained staff and their longterm cost-effectiveness remains debatable. [45] [46] [47] Previous trials have utilized a variety of lifestyle interventions that included self-help programs with counseling and resources, commercial weight loss programs, office-based counseling, mailed health education materials, online lessons, and computer-automated feedback. 2 In contrast, we provided subjects data on their risk profile integrated with an individually tailored lifestyle program using the HP intervention. The term "HP" is used to emphasize engagement of participants in the program as partners in their own health care. Our program created an individually focused intervention utilizing multiple cognitive behavioral strategies, including goal setting, tailored contact, feedback, reinforcement, and self-efficacy enhancement. 48 The relationship encouraged a trusting joint effort to alter behaviors through frequent contacts between the HP and participant to monitor individual progress and perceptions regarding the participant's ability to carry out the proposed health plan. 49, 50 The frequency of contact was based on the participant's needs, and it had no significant impact on the improvement of health outcomes. The communication between the HP and subject allowed implementation of problem-solving strategies, including motivational interviewing to navigate challenges in behavior change. 51 Potential mechanisms underlying the observed improvements include increased use of pharmacotherapy for hypertension, hypercholesterolemia, and hyperglycemia. Although a minority of subjects were started on these medications, our findings remained unchanged after removing these subjects from analysis. Whether providing detailed information about health status alone, or in combination with the HP, motivated the observed lifestyle changes remains to be determined.
We studied a population of employees recruited from large metropolitan academic centers and thus included a higher proportion of educated, insured, and prosperous individuals. Whether a HP intervention will produce similar benefits in the general population remains to be studied. In order to address this, we measured changes in those with lower socioeconomic status (SES). Participants in the lowest tertile of both education and income (N=132), on average, had higher BMI and lower LS7 scores at baseline compared to the remaining sample. There was no significant difference in improvements Responses to the food frequency questionnaire were used to calculate the healthy diet score (HDS)-number of components of the 5 diet goals met; fruits and vegetables 8 to 10 servings/day; grains 6 to 8 servings/day; fish ≥2 servings/week; sodium ≤2400 mg/day; and added sugar ≤6 teaspoons or 100 calories/day for women and ≤9 teaspoons or 150 calories a day for men.
in cardiovascular risk factors between those with lower SES and those with higher SES. Thus, the HP intervention appeared to be helpful in reducing CVD risk factors over a wide range of SES strata in our cohort.
There are several limitations of our study. The study was not randomized, and there was no control group for comparison to the HP intervention cohort. Thus, it is possible that these beneficial changes may have occurred by merely being enrolled in a study and obtaining health status information. However, our findings are comparable to those of other lifestyle intervention trials where control groups were included and often deteriorated over time. 12, 32, 35 Moreover, we found that improvements were observed in those with abnormalities relevant to CVD risk at baseline, whereas there was maintenance of healthy parameters in those with normal parameters at enrollment. There was 14% loss to follow-up for a variety of reasons, including relocation. However, there were no demographic differences between those who completed follow-up and those who were lost-to follow-up. We were unable to examine influence of individual HPs on participants' outcome because participants may have switched HPs during the study period. However, the frequency of contact between HPs and participants did not have a significant impact on health metrics.
Conclusion
A personalized, goal-directed HP intervention improved the cardiovascular risk factor profile, including blood pressure, weight, dyslipidemia, insulin resistance, and cardiovascular risk scores. These effects were greater in subjects with a higher risk burden and were sustained after 2 years. Moreover, subjects without risk factors maintained their health. Whether a HP intervention improves long-term morbidity and mortality, and whether it is cost-effective, needs further investigation. 
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